Background: The cumulative effect of solar ultraviolet (UV) radiation is responsible for the worldwide increase in non-melanoma skin cancer, a category that includes squamous cell carcinoma and its precursors (the actinic keratoses) as well as basal-cell carcinoma. Non-melanoma skin cancer is the most common type of cancer in areas of the world with a light-skinned population. The occupational exposure to UV radiation is high in many outdoor occupations; recent studies suggest that persons working in such occupations are more likely to develop non-melanoma skin cancer.
C utaneous squamous cell carcinomas and their precursor lesions, actinic keratoses, as well as basal cell carcinomas, are described as non-melanoma skin cancer (NMSC). These disorders are among the commonest forms of cancer in Western countries with an incidence of around 100 per 100 000 individuals in Europe (1, e1, e2) . They are called NMSC or "white skin cancer" to distinguish them from melanoma or "black skin cancer".
Most often affected are those with pale skin, especially light-sensitive individuals with Fitzpatrick skin types I and II (1, 2, e3) .
There are no exact data from German-speaking countries on the incidence of actinic keratosis, also known as squamous cell carcinoma in situ, but studies from Great Britain show a prevalence of actinic keratoses in patients over 70 years of age of 34% in men and 18% in women (e4) . The higher prevalence in men is partially explained by a greater exposure to sun, in part without protection, during the performance of outdoor work (e5) .
In many work situations employees are exposed to natural UV radiation, often in significant (or considerable) amounts (3, 4) . UV radiation is the single most important cause of squamous cell carcinoma and its precursors, as well as of basal cell carcinoma (e6) .
UV-induced skin cancer is not yet recognized in Germany as an occupational disease in accordance with the Ordinance on Occupational Diseases (BKV, Berufkrankheitsverordnung) (5) . There is active discussion at the present time about adding such diseases-specifically cutaneous squamous cell carcinoma and its precursors-to the list of recognized occupational diseases (Attachment 1 to the BKV). Until this is finalized, cutaneous malignancies caused by UV exposure can be designated as "quasi occupational diseases" under § 9, paragraph 2 of the Seventh Book of the German Social Code (Sozialgesetzbuch, SGB VII). A document known as the "Bamberger Code of Practice-Part 2" prepared by the Task Force for Occupational and Environmental Dermatology (ABD, Arbeitsgemeinschaft für Berufs-und Unweltdermatologie) and the German Social Accident Insurance (DGUV, Deutsche gesetzliche Unfallversicherung) provides guidance on assessing the causality and determining pension liability when the earning capacity has been reduced (6) .
The goal of this review is to detail the role and relative importance of workplace factors in the development of squamous cell carcinoma and its precursors, as well as to update information on the quantification of UV exposure as well as the relation between occupational and recreational UV exposure. In addition, the current status of workplace protective measures, prevention and occupational disease evaluation is reviewed.
Methods
The epidemiologic evidence is derived from metaanalyses (7-9) of the relationship between occupational solar UV exposure and squamous cell carcinoma (7, 8) or basal cell carcinoma, respectively (9) . The systematic reviews were carried out according to the Metaanalysis of Observational Studies in Epidemiology (MOOSE) group checklist (e7). The literature search was performed in MEDLINE (PubMed) using various groupings of MeSH terms for relevant key words (Meta-analyses [7] [8] [9] ):
• For study type: "risk" OR "incidence" OR "epidemiologic studies" AND "carcinoma, squamous cell" OR "carcinoma, basal cell" OR "skin cancer" OR "skin neoplasm".
• For UV radiation exposure: "sunlight" OR "ultraviolet rays" OR "ultraviolet light".
• For work-related exposure: "occupational" OR "occupation" OR "outdoor work" OR "work" OR "workplace". In addition, the current dermatology and occupational dermatology guidelines and recommendations as well as new legal exposure standards and comparative dosimetry studies on UV exposure were all reviewed.
UV-induced cutaneous reactions and tumor induction
Ultraviolet radiation belongs to the group of optical radiation (wavelengths 100 nm to 1 mm). UV radiation falls in the range between 100 nm and 400 nm and is divided into UVC, UVB and UVA depending on wavelength (Figure 1) . Because of the ozone layer, only UVA and UVB reach the earth's surface; 95% of the natural UV radiation is in the UVA range. The biological reactions induced by UV radiation are complex and can only be touched upon here (review [e8] ). Because of the absorption spectrum of the skin, UVA-even though it has less energy than UVB-penetrates deeper and causes not only epidermal damage but also dermal changes (Figure 2 , Table) . Nonetheless UVB has the most carcinogenic effect. UVA enhances the carcinogenic effect through immunosuppression (10) and by inducing the formation of reactive oxygen species (ROS). These in turn damage deoxyribonucleic acid (DNA), cell membranes and enzymes. The end result is damage to the epidermal keratinocytes and the dermal connective tissue (Figure 2 ) (review [e9] .
The negative effects of UV radiation on the skin depend on the type, duration and intensity of the UV Cutaneous consequences of acute and chronic excessive UV exposure exposure and can lead to acute erythema (sunburn) or with cumulative exposure to the clinical picture of chronic actinic damage (extrinsic photoaging) (clinical symptoms see Table, Figure 2 ). Although there are various international methods to grade the severity of light damage (review [11] ), reliable data on the sensitivity and specificity and the role of certain markers such as solar elastosis are not available (11, 12) . Exact dose-effect relationships based on spectrum and source of the UV radiation are not established for humans (13) .
Squamous cell carcinoma and basal cell carcinoma secondary to occupational UV exposure
Type of tumor and form of UV exposure
There is active discussion currently on the relationship between occupational UV exposure and non-melanoma skin cancer (basal cell carcinoma and squamous cell carcinoma including precursor lesions). Although the development of some types of melanoma shows a certain dependence on UV exposure (14), there is insufficient data on occupational exposure so that at this time melanomas are not under consideration as tumors induced by occupational UV exposure. The age-adjusted incidence of basal cell carcinoma in Germany is estimated as 80 new cases per 100 000 individuals (2, e6, e10) . This locally destructive tumor does not metastasize and is usually surgically removed. It appears most often in body regions with marked UV exposure (see areas of marked exposure, Table) , but also can occur on non-exposed areas (for example, retroauricular) so that a direct relationship to UV exposure is not regularly found in exposure studies (1, 15) .
Squamous cell carcinoma has an age-adjusted incidence of 29 new cases per 100 000 individuals (1, e2, e10) ; tumors grow in a destructive way and can metastasize. Both squamous cell carcinomas and actinic keratoses, which are limited to the epidermis (carcinomata in situ), appear almost exclusively in areas with UV exposure, especially on the head and neck or on the décolleté, arms, backs of hands, and the vermilion of the lip (transitional epithelium). The transition from actinic keratosis to invasive squamous cell carcinoma is often difficult to establish (e11); thus the presence of actinic keratoses is an indication for therapy (16) .
Exposure to UV radiation is the most important causative exogenous factor in the development of cutaneous squamous cell carcinoma (1). Other known exogenous factors include arsenic, tar and other carcinogens as well as ionizing radiation today play a lesser role in the development of skin cancer (e12).
The currently accepted standard when describing UV exposure is to distinguish between cumulative continuous, intermittent, and mixed exposure patterns as well as identifying the peaks of exposure with resultant erythema (sunburns) (Figure 3) .
The relationship between UV exposure and cutaneous malignancies is probably different for the various tumor types. Squamous cell carcinoma generally develops following years of cumulative UV exposure. Here the increased risk following years of exposure is most easily identified (review [1] . In addition, there is a clear correlation with the latitude at which one lives. For basal cell carcinoma, additional factors such as the intensity of sun exposure in childhood and adolescence may be relevant (2).
Epidemiology
Recent epidemiological studies (review [7, 8, e13] ) show that cumulative occupational exposure leads to an increased risk for outdoor workers. The meta-analyses (7, 8) demonstrate that the published epidemiologic evidence consistently indicates a relevantly increased risk (pooled odds ratio of 1.77, 95% confidence interval 1.40-2.22 [p<0.001, variance = 0.131]) for the development of squamous cell carcinomas in individuals with high occupational UV exposure (outdoor workers). In this selective review, a total of 18 studies (6 cohort studies and 12 case-control studies) were identified that studied the relationship between occupational UV exposure and the risk of squamous cell carcinoma.
Sixteen studies describe a positive relationship between occupational UV exposure and the development of squamous cell carcinoma. The relationship was statistically significant in 12 studies. Occupational exposure was assessed differently in the various studies: Typical outdoor workers (farmers, foresters, construction workers, sailors) were compared with control groups consisting of either individuals who worked indoors with relatively little occupational UV exposure or else to the general population. Although the association was probably underestimated in some studies due to The evidence from the meta-analysis of the 24 studies (5 cohort and 19 case-control studies) also suggests a significant association between outdoor work and the risk of developing a basal cell carcinoma (pooled odds ratio of 1.43, 95% confidence interval 1.23-1.66 [p = 0.0001) [9] ). The study results are less uniform than for squamous cell carcinoma and the effect is less clear (11 studies show a significant positive association, 5 studies show a non-significant increase, and 5 studies even show a non-significant risk reduction).
Dosimetric studies in selected occupational groups
Results from both international and national dosimetric studies are available. Numerous studies from Northern and Central Europe investigate increased UV exposure during outdoor work. In these studies the dose required to induce erythema (H er or erythema dose) is expressed as the SED (Standard Erythema Dose) (see Box) [e14] ).
Thieden and coworkers (17) showed with dosimetric studies that gardeners in Denmark had a 1.7 fold increased exposure on work days because of their occupation. Other publications have also proven that certain outdoor workers such as farmers, fishermen, policemen and sports teachers have an increased risk of skin cancer because of increased UV exposure (18) . Newer more personalized dosimetric studies (3, 19, 20) show that, for example, construction workers have a 4.7-fold increased annual UV exposure compared to indoor workers. A markedly increased exposure can also be shown in mountain guides and ski teachers (21) . Based on the work of Knuschke et al. (3) showing that the median estimated reference exposure of the German population as H er(Germany) = 130 SED yearly, then an outdoor worker has a 2-to 3-fold higher UV exposure.
Individual levels of solar UV exposure deviate from the mean depending on the type of outdoor work, the origination of the work place and the recreational activities. The causes of the variation are the duration and intensity of the UV exposure. The intensity varies with the work clothing, time of day, and season, as well as the latitude, elevation and albedo (reflection potential) of the work site.
Occupational disability laws, workplace protection, and prevention
Protection of employees and the current legal situation
The employer is already obligated under the German Occupational Safety and Health Act (Arbeitsschutzgesetz) to help employees avoid or minimize damage from excessive UV exposure through appropriate protective measures. However, there are no legal limits for the amount of exposure to natural UV radiation.
Regarding exposure to artificial UV radiation, since 2006 there has been an exposure limit, as stated in the Guideline 2006/25/EG of the European parliament (radiation H eff 30 J/m 2 over 8 hours, see Box); this value for protection of employees from risks related to artificial optical radiation was adopted as German law on 19 July 2010 (22) . The limit of exposure to artifical UV radiation was determined to avoid acute skin damage. Delayed effects were not considered in calculating this value.
Primary occupational prevention
Many studies have shown that inadequate sun protection measures are utilized by outdoor workers (review [23] ).
UV exposure can be minimized in the workplace with a variety of technical, organizational and personal strategies (24) combined with adequate training (e15, e16). Examples of technical measures include:
• the use of awnings • planning of work schedules to reduce work during high midday sun
• optimal use of personal protective measures (clothing, hats, sun glasses)
• use of sunscreens on uncovered skin surfaces.
Many randomized clinical studies have shown that the prophylactic use of sunscreens reduces the development of skin cancers-especially actinic keratoses and squamous cell carcinomas-but also melanomas (14, e17-e21) . A long-term study over 4.5 years (e17) showed that the incidence of squamous cell carcinoma in individuals who used sunscreens was reduced by 40% in comparison to the control group. More recent studies have shown that one must pay very close attention to the amount of sunscreen applied. The solar protection factor is based on the application of 2 mg of sunscreen per cm 2 of skin. On average only 0.5 mg/cm 2 were applied-leading to an exponential decline in the degree of protection (e22). In addition, most of the chemical sunscreens protect against UVB but only a few provide adequate UVA coverage (for details see [25] ). Sunscreens cannot provide complete UV protection and should not mislead the employee into ignoring the use of physical protective measures (clothing) or reducing the duration of exposure.
Occupational disability laws and disability evaluation
The significantly increased incidence of skin cancer in outdoor workers and the epidemiologically and experimentally proven relationship between UV exposure and skin malignancies show that these disorders can result from occupational UV exposure. Today such diseases are recognized by the occupational disability insurance officials in Germany as "quasi occupational diseases" according to § 9 paragraph 2 SGB VII.
Every physician, or more specifically every dermatologist in Germany who suspects that a skin cancer is due to occupational UV exposure should report this with an Occupational Disease Notification (Berufskrankheiten (BK)-Anzeige) (Form F6000 of the German Social Accident Insurance) to the responsible worker's compensation agency. It seems likely that UV-induced squamous cell carcinoma including its precursors will be recognized as new occupational disease in the List of Occupational Diseases (BK-Liste). According to German law, a disorder can only be recognized as an occupational disease under § 9, paragraph 1 SGB VII and then be eligible for compensation if a certain occupational group is exposed to "a markedly higher degree than the rest of the population."
Since UV exposure is ubiquitous, to determine the cause of a skin malignancy, the relation between occupational UV exposure and that experienced during vacation and recreational activity must be analyzed (12, 13) . A multicenter study is currently developing methods to help analyze the non-occupational and occupational UV exposure and the resulting skin damage in individual cases. These instruments should enable a standardized, reproducible quantification of the light damage at sites of occupational and non-occupational exposure. In addition, it must document (primarily through history) the occupational/recreational exposure/damage from UV radiation (11, 12) .
The issue of induction of skin cancers through occupational exposure to artifical UV radiation remains open. There are too few epidemiologic studies available to support this assertion. 
